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Abstract This study was performed to assess the side-effect of fungicides for controlling powdery mildew on
natural enemies for whiteflies, Amblyseius swirskii and Eretmocerus eremicus. Also, we investigate the biological
control efficacy by two these natural enemies under conventional chemical pest control by the grower. Among 9
tested fungicides, boscalid, metrafenone, dimethomorph+pyraclostrobin, and sulfur showed relatively high toxicity
showing over 50% corrected mortality in the residual toxicity test. However, toxicity of these fungicides decreased
from 7 days or 10 days after treatment. E. eremicus was highly susceptible to tested pesticides than 4. swirskii.
Despite of continuous pesticide sprays in Paprika greenhouses with conventional pest control, whitefly predator, 4.
swirskii density maintained 0.57 individuals per leaf by 30 days after release.
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Table 1. Pesticides used for controlling insect pests and plant pathogens in this Paprika greenhouse

Side effects on natural enemies”

Dates
esticide spra Pesticides Target pests E. evemicus
(e pray getp -
order) A. swirskii
Adult Larva
Thiacloprid 10% Aphids, Whiteflies, Thrips 3
13 O(Clt ')2021 Spinetoram 5% Moths @ @
Penetone Powdery mildew, Anthracnose 3 -
Pyrufluquinazone 10% Aphids - - -
3/15Nov.2021  Spiromesifen 20% Whiteflies, Leaf mites @)
(2.3) -
Sulfur 23% Powdery mildew, Phytophora @ )
root rot ~
23 Nov.2021  Dinotefuran 20% Aphids, Whiteflies @ @ @
“ Fluxapyroxad 15.3% Gray mold
Chlorantraniliprole 5% Moths
712 (]2eg).2021 Spinetoram 5% Moths, Whiteflies, Thrips @ @ ©)
Boscalid 15%, metrafenone 15% Powdery mildew, Gray mold - -
7 Jan.2022 Flonicamid 10% Aphids
@) Isopyrazam 12.57% Powdery mildew - -
Abamectine 0.5%, flometoquin . . P
24 Jan2022  9.0% Moths, Thrips, Leaf mites @ ®
8
® Azoxystrobin 21.7% Phytophora root rot, Powdery
mildew
Spinosad 10% Thrips @ ®
12 Feb.2022  Chlorfenaoyr 3.0%, fluxamet- . . P - P
©) amide 7.0% Moths, Thrips, Leaf mites 3 ©) ®
Isopyrazam 12.57% Powdery mildew - -

@ (1) Harmless or only slightly harmful < 25% reduction,
harmful >75% reduction (Koppert)

)

moderately harmful 25~50% reduction, (3) harmful 50~75% reduction, @ very

Table 2. Predatory mite (4. swirskii) and parasitic wasp (E. eremicus) release dates and dosage for controlling whiteflies in the

Dosage per m” Recommended dosage per m”

Paprika greenhouse
Release dates Natural enemies released
29 October 2021 (A) A. swirskii
20 December 2021 (B) E. eremicus
20 January 2022 (C) E. eremicus

500 sachets/5,000 m?
(0.1 sachet/m?)

1.2 individuals/m?
Total 6,000 pupae

1.2 individuals/m?
Total 6,000 pupae

0.4 sachet/m?

1~10 individuals/m?

1~10 individuals/m?

At el it A=A Hu7t Eolle 7=
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insect breeding dish (SPL #310102, Pocheon, Korea)oﬂ g
o) & AL 43 vur} 92 FeE LHEe &
i%j/] F 10Y7HA] -3t F-E 2Abete] w-9-3k3t Ui”] H&

= MEER st fstete alRdnA el ¢

A Al Ble) Spne) BEE EAGTE AT

(Fytrou et al., 2017). 3
A 955 47 FHE

o ZHulE A%
APt 1, 3, 7, 10, 14280] 73
27|01 (30 x 22 x 40 cm)ell VL FEoA S35 Lz
W 3% 207 E 5712 st ofa g A o]A] el W
ARSEAL 24A17F & ASE ZAFSIATE of A 0] A] <l
= 10%= 4% 255 2o U0, AeE2 FAE
T AES UHS HAPASER AABISTH Abbott, 1925).
HANEELS AT AN FA4T AEES W gt

heguel A A5
=2 5)4ste] 63 olel Miu
o
=

s 4EQ 5

:1
e
o
of



296

Table 3. Pesticides used for toxicity test to two natural enemies, A. swirskii and E. eremicus

Common name AL(%)? Formulation® Main target pests
Metrafenon 252 SC Powdery mildew, Gray mold
Boscalid 493 WG Powdery mildew
Difenoconazole 10.0 SC Powdery mildew
Dimethomorph+Pyraclostrobin 16.0/9.5 WG Powdery mildew, Anthracnose
Iminoctadine tris 30.0 SC Powdery mildew
Tebuconazole 25.0 SC Powdery mildew
Sulfur 80.0 WG Powdery mildew
Bacillus methyloprophicus 85.0 SC Powdery mildew
Carvacrol (oregano oil) 50.0 SC Powdery mildew, Gray mold

3 Active ingredient

® Formulation : WG (water dispensible granules); SC (suspension concentrate)
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24 —o—\Whitefly adultslleaf(Release zone) 2 4 —=e—Whitefly adults/leaf(No Release zone)

~eo—Whitefly nymphs/leaf(Release zone) —e—Whitefly nymphs/leaf(No Release zone)

whitefly and predatory mite/ leaf
whitefly and predatory mite/ le

11 A. swirskii(Release) 14 A. swirskii(No Release)
—— ————e
0 ] — o —— s |
Oct. M. Oct. L Nov.E. Nov.M. Dec.E. Dec. M. Oct. M. Oct. L Nov.E. Nov.M. Dec.E. Dec. M.

Fig. 1. The average number of whitefly adults and nymphs and 4. swirskii per a Paprika leaf. Yellow arrow with number in
parenthesis represent the pesticide spray date shown in Table 1. Red-dashed line represent the economic threshold (ET). ‘A’ in green
square box represent the release date shown in Table 2.
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5 : .

0 o ccaamand
0 ._08\8 8 8 2 o—
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Whitefly and parasitoid/leaf

PS>
5
®) B © M C ® o ET
4 P S S e e e
| |
1 |
v A\

=0~ Whiteflt adults/leaf(No Release zone)
=0~ Whitefly nymphs/leaf(No Release zone)

o-E. eremicus(No Release)

0 Lt g : o—1

Dec. M. Dec. L. Jan.E. Jan. ML Jan.L. Feb. E.

2 A

Fig. 2. The average number of whitefly adults and nymphs and E. eremicus per a paprika leaf. Yellow arrow with number in
parenthesis represent the pesticide spray date shown in Table 1. Red-dashed line represent the economic threshold (ET). ‘B’ and ‘C’

in green square box represent the release date shown in Table 2.
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Table 4. Toxicity of nine selected pesticides against E. eremicus mummies (direct spray)

(Corl:lfrslgzlﬂines) AL(%) Formulation® Mortality (non emergence, %)"
Metrafenone 252 SC 15.6 + 3.8ab
Boscalid 493 WG 19.9+4.8b
Difenoconazole 10.0 SC 0.0+ 0.0a
Dimethomorph-+Pyraclostrobin 16.0/9.5 WG 3.6 +2.6ab
Iminoctadine tris 30.0 SC 13.3+3.7ab
Tebuconazole 25.0 SC 5.7+2.5ab
Sulfur 80.0 WG 0.0£0.0a
Bacillus methyloprophicus 85.0 SC 4.4 +1.9ab
Carvacrol 50.0 SC 5.0 +2.8ab

» Formulation : WG(Wettable granule), SC(Suspension concentrate)

® Means with different letters within a row indicate significant difference at P < 0.05 level (one-way ANOVA, post hoc tests by Duncan in

SPSS statistics 25.0)
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Table 5. Toxicity of nine selected pesticides against E. eremicus adults (leaf disc exposure)

Toxicity on 1, 3, 7, 10, and 14 days after treatment

Common name/ A.I(%)  Formulation” Targets (Corrected mortality (%), Classification of side effects)”
IDAT 3DAT 7DAT 10DAT 14DAT
Metrafenone/ 25.2% SC 53.143.8¢ 342+26e 29.0+3.6cd 18.9+3.0b 0.0+ 0.0a
Boscalid/ 49.3% WG 750+09d 520=+1.7f 333+19d 389+33¢c 31.6*1.5¢
Difenoconazole/ 10% SC 246+0.70  15.0+0.8b 0.0£0.0a 0.0£0.0a 0.0£0.0a
E;‘;;Zﬁgg&%ﬁh;g%’/ WG , 2584296 11.1+21b  00+00a 15+15a  0.0%0.0a
owdery
Iminoctadine tris 30% SC mildew 24.7+£2.0b 260+19cd 213+£08b 213+1.7b 16.7+£3.5b
Tebuconazole 25% SC 232+34b 209+3.1c  21.3+£5.4b 0.0 £0.0a 0.0 +0.0a
Bacillus methylotrophicus 85% SC 8.7+3.9a 0.0+ 0.0a 0.0+ 0.0a 0.0+ 0.0a 0.0 +0.0a
Carvacrol 50% SC 5.6+2.6a 0.0+ 0.0a 0.0+ 0.0a 0.0+ 0.0a 0.0+ 0.0a
Sulfur 80% WG 267+12b 29.1+24d 254+2.6bc 16.7+4.3b 0.0£0.0a

» Formulation : WG (Wettable granule), SC (Suspension concentrate)
® Means with different letters within a row indicate significant difference at P < 0.05 level (one-way ANOVA, post hoc tests by Duncan in
SPSS statistics 25.0)

Fdo] x&Ho7 RAA JFS = F IS Ao W o3 A G35 7T 4 e Aoz w4
Ith(Table 5). AGRE 7144 DA FrpzILE A% 7] % dimethomorph®} pyraclostobin &= 2] § 79
of thgt 23F9] AtA|e] 54 A AFA] iminoctadine ZHA] 30% ©]79] AFEES Howdl, AE & 10893 F
trise 90% ©1de] =& AFKE5 BE=I(Kim et al,, 2006), Bl AEC] oA SHAIME 109 o] FHEE X530l
B A7AANME iminoctadine trise AFEE A& =4 gl AH-2 7sE Zlo R wdkEr

FRo, AHE F 4G7HR e G ds e A dnbg o g X2 HARTR= 7144 Aol WAIAe
o2 Yeht dAS AT of Fosof & ot dS A ot g Wol W= Ao2 FRIF I 9l=H, spinosade=
o= Helth & 4o Al JA] A T 792A| ZgrAT ] el E 80% o] B AEES B

= 9 25% o] AEEES HolH IOBC 7|Fo2E 3 Aot Aoz gollol taiHE 47.2%] AFEES UERY
T i3] FE54S el 2= SRl Al t}al 2 vl AT Ahn et al., 2004b).

SH-2olME dird o FAlHY R, 7HFolR 9 ZTe AZAE ARSIA] B f71E7 e M3 w7
F ol 2 A AU, wa 2 B 22 Auato]gol & WA S8l AH Aol s ARga)
Waf7b SAl WAsk= 73-97F Bt webA ARg-skazt I A, AARe g BE F5S WAS] ofy7] Wi
She Aol vlwA okt A, A 2 AAE A o slehwef tAl AR EAANE AMehe B9E B
g2 02 ARl Zlo] Walle el ol wokt A o} AR, XSRS & die A s Sl
AL ol g3t ds HA WA 7HsAS AAE E Q) AHEBRE A LF A 9% & 4 AUrh(Kang et
= 7P He) whdolelal B 9Uth(Ahn et al., 2004a). al., 2007). Z |2 =28 5 28AF7 154 7t Mt
o]-3ofl #nk ol Aol Alolggol MAFE A 7+
oz=2|7} YW UHE HELESHQ 7tF0|F MEI 2A7)E Aol FlEATH(Lee et al., 2008). 31873 5A1A)
X|&Eafol2|Soofl cHst SHHI} 7F A S SAAEA7E A8 gk 4w

B A45jo] PRSP ASHE BTl S By

A7 BAE AERSA 95 A Ax § A 7k ofy
dof| wE AFafolz]Sofll et AP =E eI 2 gk, Al W ofg] sl S HHoR B Aed o gl
A & 1¢2pol|= difenoconazole, iminoctadine tris, tebu- £ BAE 835 A7) desA S8 ALgHT By A
conazole, Bacillus methylotrophicus ¥ %<}, carvacrol tHal Az e FFS FUELS A £A5HA] £l 9
ME 25% VIR ARES EolH ASAe dehit the A AAAREE] ol wg 7A171AL Tk (Lee et al,
(Table 6). F-2FHo] T3k SAH7} Aol FARH 48 2008). sHAIEE HHL o] &alo] dFWAIS sl B7loA
AEe AP & 1A T 25% ©139 ASES YER Sofolu A7 IEANE A ARESHA] Eske A

oAtk Web YRS ARUEAT AATE AT A ohlehe AL old AR ohje} B QPARE B
) AT A%, T 7Y o1F AL WAL Aol ME e HAT F Utk DA olge] YA
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Table 6. Residual toxicity of 9 selected pesticides against A. swirskii (exposure on treated plants)

Toxicity on 1, 3, 7, 10, and 14 days after treatment

Common name/ A.1(%) Formulation® Targets (Corrected mortality(%).classification for side effects)”
1DAT 3DAT TDAT 10DAT 14DAT

Metrafenone/ 25.2% SC 26.1 £4.5¢cde 219+52bc 19.8+4.4cde 5.1 +2.6ab 1.6+ 1.6a
Boscalid/ 49.3% WG 29.6+29cde 24.0+2.1bc 233+1.5cde 0.0+£0.0a 0.0+ 0.0a
Difenoconazole/ 10% SC 19.0+09abc 13.9+7.3ab 13.9+7.0bcd 9.5+04bc 15.5+3.7¢c

3 0
Dimethomorph 16%/ WG 312428de  296+48d 302+30c 7.6+ 14ab 8.9+ 0.8be
Pyraclostrobin 9.5%
Iminoctadine tris 30% SC 1:3;’1\’(;1:\? 212+5.0bcd 22.6+39bc 17.7+3.8cde  0.0+0.0a 0.0+ 0.0a
Tebuconazole 25% SC 21.0+28bcd 13.0+24ab  0.0+0.0a 0.0+ 0.0a 0.0+ 0.0a
pacillus methylotrophicus sC 86+45a  44+23a  37+£37ab  00+00a  0.0=00a
Carvacrol 50% SC 10.4 + 1.0ab 7.6+42a 9.7+ 5.0abc 6.3 +6.3ab 2.9+2.9ab
Sulfur 80% WG 34.7+4.5¢ 389+1.7d 26.7+4.1de 173 +4.5¢c 13.3+4.8¢c

% Formulation : WG (Wettable granule), SC (Suspension concentrate)
® Means with different letters within a row indicate significant difference at P < 0.05 level (one-way ANOVA, post hoc tests by Duncan in
SPSS statistics 25.0)

Table 7. Toxicity of nine selected pesticides against E. eremicus and A. swirskii

a)

Side effects on Natural enemies

Common names/A.1(%) Formulation - —
E. eremicus A. swirskii
Metrafenone/ 25.2% SC ©)
Boscalid /49..3% WG @
Difenoconazole/10% SC
Dimethomorph 16% WG
Pyraclostrobin 9.5%
Iminoctadine tris 30% SC
Tebuconazole 25% SC
Bacillus methylotrophicus 85% SC
Sulfur 80% WG

Y]0BC classification of side effects : (1) harmless or only slightly harmful < 25% reduction,

! moderately harmful 25~50% reduction,
(3 harmful 50~75% reduction, @ very harmful > 75% reduction
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